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Comparison of ELISA and RIA for measurement
of pneumococcal antibodies before and after
vaccination with 14-valent pneumococcal capsular
polysaccharide vaccine
M KOSKELA AND MAIJA LEINONEN
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SUMMARY Antibody responses to the 14-valent pneumococcal capsular polysaccharide vaccine in
children under school age were measured by enzyme-linked immunosorbent assay (ELISA) and
radioimmunoassay (RIA). Specific IgG and IgM antibodies were usually detectable by ELISA in the
prevaccination sera, and one or both of them increased as a response to the vaccination. Specific
IgA antibodies were detected by ELISA in a part of the post-vaccination sera only. The frequency
of the IgA responses increased with the age of the children. The correlation of the ELISA results
with RIA was good (r from 0 652 to 0-812) except for type 6A (r = 0.471).

Antibodies against pneumococcal polysaccharides
are most often measured by passive haemag-
glutinationl 2 or by radioimmunoassay (RIA), based
on the Farr technique.3 The indirect immuno-
fluorescence method has been used for detecting
pneumococcal antibodies of different immuno-
globulin classes in either serum or different secre-
tions.4-7 Recently also the enzyme-linked immuno-
sorbent assay (ELISA) has been applied to measure
pneumococcal antibodies in the sera of adults.8-11
The method most commonly used for measuring

antibody responses to pneumococcal vaccines and
for evaluating the immunogenicity of their individual
polysaccharide components has been radioim-
munoassay.12-'4 This method in its commonly
used form does not tell us which immunoglobulin
classes participate in the antibody response to the
vaccine. This information may, on the other hand,
be especially pertinent when the vaccines are given to
young children, whose responses to the polysac-
charides are weaker than those of adults.12
We have therefore applied the ELISA method to

measure the IgG, IgM, and IgA pneumococcal
antibodies in sera of young children before and after
vaccination with the currently used 14-valent
pneumococcal vaccine. The results are compared
with the total antibody values, measured by RIA,
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to polysaccharides of six pneumococcal types com-
monly found in infections of this age group.

Material and methods

SERUM SPECIMENS
The sera were obtained from 29 children vaccinated
intramuscularly with 14-valent pneumococcal cap-
sular polysaccharide vaccine (Lot 719-5 of Merck
Sharp and Dohme Research Laboratories, West
Point, Pa) containing 50 ,ug of each capsular poly-
saccharide of the types 1, 2, 3, 4, 6A, 7F, 8, 9N,
12F, 14, 18C, 19F, 23F, and 25 in 0-5 ml. Seven
children under 2 years of age received a primary
injection of 0-25 ml and a booster dose of 0-25 ml
two months later, whereas 22 older children (2-7
years) received a single injection of 0 5 ml.15 Blood
samples were taken from the cubital vein before and
two to three weeks after the first injection, and again
two to three weeks after the booster. The sera were
immediately separated and stored at -20°C until
used.

RIA FOR PNEUMOCOCCAL ANTIBODIES
The sera were assayed for antibodies to the poly-
saccharides of the six most common pneumococcal
types (types 3, 6A, 14, 18C, 19F, and 23F) causing
otitis media in Finnish children.'5 The tests were
performed by the method of Schiffman and Aus-
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trian.3 The standard sera and 14C-labelled pneu-
mococcal capsular polysaccharide antigens were
prepared by Dr Schiffman, Downstate Medical
Center, NY 11203, and provided for us by MSDRL.
The results were expressed as ng of antibody nitro-
gen per ml of the serum (ng Ab N/ml) calculated on
the basis of the standard sera and will in this paper
be called 'RIA antibody'.

ELISA FOR PNEUMOCOCCAL ANTIBODIES
The sera were assayed against the same six pneumo-
coccal capsular polysaccharide types. The purified
pneumococcal polysaccharides were prepared and
provided by MSDRL. The tests were carried out
in disposable polystyrene-nine-microcuvette blocks
(Finnpipette-Labsystems, Helsinki, Finland). The
purified polysaccharides were dissolved in phosphate
buffered saline (PBS), pH 7-2,and adsorbed on to the
cuvettes by incubation with 225 pl of the polysac-
charide solution (at predetermined optimal con-
centration varying from 10 to 20 pug/ml) for 6 hours
at + 370C and then overnight at + 40C. The sensi-
tised cuvettes were washed three times for 10 minutes
with 1 ml of PBS, pH 7-2, containing 0-05% Tween
20 (PBS-Tween) before being used. The sera were
diluted 1:50, 1:100, and 1:200, etc. with PBS-
Tween. All tests were performed in triplicate; 200 I-l
of the serum dilutions were added to the sensitised
cuvettes and incubated for 6 hours at room tem-
perature. After the cuvettes had been washed three
times as before with PBS-Tween, 200,ul of the appro-
priate conjugate dilution were added. Alkaline
phosphate conjugated swine antihuman IgG, IgM,
and IgA were fromOrion Diagnostica, Helsinki, Fin-
land. The conjugates were diluted in PBS-Tween
containing 1% bovine serum albumin (Cohns
fraction V, Sigma Chemicals Co, St Louis, Mo,
USA). The dilutions were 1:400 for IgG, 1:200 for
IgM, and 1:250 for IgA. The cuvettes were incu-
bated overnight (16 hours) at room temperature and
washed three times as before. A fresh substrate
solution was prepared each day by dissolving 200 mg
of p-nitrophenylphosphate (Sigma 104, Sigma
Chemicals Co, St Louis, Mo, USA) in 100 ml of
1 M diethanolamine buffer containing 1 mmol
MgCl2, pH 9-8; 200,ul of the substrate solution were
added to the cuvettes and incubated for exactly
30 minutes at + 37°C before the enzyme reaction
was stopped by the addition of 200 ,ul of 1 N NaOH.
The optical absorbance was measured in a nine-
channel photometer (FP-9 Analyzer, Finnpipette-
Labsystems, Helsinki, Finland) at the wavelength
of 405 nm. As a blank we used sensitised cuvettes
with the conjugate, the substrate, and the 1 N
NaOH solution. The ELISA titres are given as the
serum dilution giving the absorbance of 0 3 units
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Fig. 1 The principlefor the determination ofELISA
titres. The ELISA titres are readfrom the cutting points of
the linearparts ofthe absorbance versus serum dilution
curves at 0 3 absorbance units (405 nm). The two curves
are examples ofresults (OD versus serum dilution)
obtained with a pre- anda post-vaccination serumfrom one
child. The dotted line shows the titre.

as shown in Fig. 1, and will in this paper be called
'ELISA antibody'.

STATISTICAL METHOD
Statistical analyses were performed by using the
Pearson correlation test.

Results

Antibodies against the six pneumococcal capsular
polysaccharides were detectable by RIA in all the
sera studied. With the ELISA method, both IgG
and IgM class antibodies were found in all the sera,
whereas IgA class antibodies were detected only in
part of the sera taken after the primary and booster
vaccinations.

REPRODUCIBILITY
To test the reproducibility of ELISA, the same
positive serum was included in each set of experi-
ments performed. Its titre varied from day to day
within the limits of S 0-47 logo units (Fig. 1). For
minimising the effect of interassay variations all the
sera taken from the same child were assayed in the
same experiment. The ELISA titres were always
corrected in relation to the reference serum. The
variation of one serum tested separately in the same
experiment was <0 05 logo units. Furthermore, the
linear parts of the absorbance versus dilution curves
of different kinds of sera were parallel in a single
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Fig. 2 Comparison ofELISA titres and RIA antibody
values ofanti-18Cpneumococcal antibodies in sera of29
children vaccinated with 14-valentpneumococcal capsular
polysaccharide vaccine. The ELISA titres are the sum of
IgG, JgM, and IgA antibody titres registered separately:
* sera taken before vaccination; 0 sera taken after primary
vaccination.

Table 1 Correlation coefficients (r) and their significance
(P)for the comparison ofELISA* and RIA in measuring
pneumococcal antibodiest
Pneumococcol r P
type

3 0-652 <0 001
6A 0-471 <0 001
14 0-812 <0 001
18C 0-696 <0 001
19F 0-681 <0 001
23F 0-796 <0-001

*The ELISA titres are the sum of IgG, IgM, and IgA antibody titres
registered separately; RIA values are ,ug antibody nitrogen/mi.
tThe correlation coefficients were calculated in 58 sera of 29 children
taken before and two weeks after vaccination with 14-valent pneumo-
coccal capsular pclysaccharide vaccine.

experiment. Their slopes varied somewhat from day
to day and between different conjugate types. Thus a
difference of >0-1 logo units corresponding to an
2 13 fold increase or decrease in the titre was
considered to be a significant difference of ELISA
titres between pre, post, or booster sera

CORRELATION BETWEEN ELISA AND RIA

For evaluation of the correlation between ELISA
and RIA, the sum of IgG, IgM, and IgA class
ELISA antibody titre16 was compared with the total
RIA antibody. The results for type 18C pneumo-
coccal polysaccharide antibodies in the 29 pre- and
post-vaccination sera are shown in Figure 2. The
correlation coefficients (Pearson test) for the com-

parison of all six polysaccharide types in 58 pre-
or post-vaccination sera studied are shown in Table
1. For five of the types the correlation was rather
strong (r . 0 65), whereas a weaker correlation
(r = 0A471) was found for type 6A. The strongest
correlation (r = 0-812) was found for type 14. The
correlations were statistically significant at the level
of P < 0-001 for all six types. In general, the cor-
relation was stronger in the post-vaccination than
in the pre-vaccination sera. Furthermore, the ELISA
IgG titres correlated better with the RIA values than
did the ELISA IgM titres.
The geometric mean RIA and ELISA antibody

values are examined in Table 2 separately for
children under or over 2 years. The ELISA titres in
the pre-vaccination sera of the 2-7-year-old children
ranged from 400 (type 14) to 985 (type 6A) and RIA
values from 225 (type 19F) to 1250 (type 23F). All
antibody values were lower in the younger children
(6 to 18 months). The increase of antibody level after
vaccination was rather similar, independent of
whether the antibodies were assayed by RIA or
ELISA. The primary responses decreased in the
order of type 3 (good)> 18C> 19F>23F>14>6A
(poor). The antibody levels after booster vaccination
were somewhat higher than the corresponding post-
vaccination levels in the case of types 6A and 14
but were lower for all the other types, especially
3 and 23F.

IMMUNOGLOBULIN CLASSES
The Ig class distribution of the anti-pneumococcal
antibodies is shown in Table 3. In pre-vaccination
sera of the younger children (6 to 18 months old)
IgM was the predominant class of anti-6A anti-
bodies, and IgG of the anti-3, anti-18C, and anti-
19F antibodies. Among the generally higher pre-
vaccination titres of the older children, a con-
spicuous change was the relatively larger increase of
the IgM class in type 3 and especially in type 23F
antibodies. Usually both IgG and IgM antibodies
increased after vaccination. IgG antibodies were
predominant in the primary response of the younger
children to types 3, 14, 18C, and 19F, whereas
among the older children IgM was the predominant
class in the response to most types, and IgG only in
the response to type 18C. The decrease between the
post and booster vaccination samples in total anti-
body levels to four of the six pneumococcal types
correlated with a decrease of the IgM class.
No IgA class anti-pneumococcal antibodies were

detected in the pre-vaccination sera. After primary
vaccination, however, IgA antibody responses were
found to each of the six pneumococcal polysac-
charides, but more frequently to types 3, 6A, 18C,
and 19F (Table 4). The highest post-vaccination
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Table 2 Comparison ofRIA andELISA for measuring antibodies against six pneumococcal polysaccharides in two age
groups ofchildren vaccinated with 14-valentpneumococcal capsular polysaccharide vaccine

Pneumococcal Blood Age at primary vaccination
type sample

2-7 years (22 children) 6-18 months (7 children)

RIA ELISA RIA ELISA

GMT* AGMTt GMT$ AGMT GMT ZGMT GMT LGMT

3 Pre § 345 550 125 110
Post 1600 4 6 1265 2-3 910 7-3 880 8 8
Booster 560 4-5 445 4-1

6A Pre 345 985 225 470
Post 425 1 2 1645 1 7 300 1i3 840 1-8
Booster 310 1-4 1050 2 2

1 4 Pre 320 400 110 225
Post 545 1*7 610 1 7 175 1*6 355 1 6
Booster 200 1 8 515 2 3

18C Pre 760 600 325 200
Post 2465 3-2 1525 2-6 780 2-4 645 3 2
Booster 735 2-3 720 3 6

19F Pre 225 865 50 315
Post 505 2-2 1690 2 0 120 2-4 690 2 2
Booster 110 2-2 595 1.9

23F Pre 1250 875 415 300
Post 2295 1-8 1810 2 1 1350 3-3 685 2 3
Booster 975 2-4 605 2-0

*GMT (geometric mean titre) given as ng AB N/mi.
tAGMT: fold increase in geometric mean titres between pre- and post-vaccination sera or between pre- and booster vaccination sera.

$GMT expressed as serum dilution giving the absorbance of0 3 at 405 nm; the sum of IgG, IgM, and IgA antibody litres.
§Pre: sera taken just before vaccination; post: sera taken two to three weeks after primary vaccination; booster: sera taken two to three weeks
after booster vaccination given two months after primary vaccination.

IgA antibody titres were found against types 6A,
14, and 19. About half of these IgA responses were

even higher than the corresponding IgG and/or
IgM responses. When comparing the IgA antibody
titres to the increase of total RIA antibody after

primary vaccination, a positive correlation at the
P S 0 01 level was observed for types 14, 18C, 19F,
and 23F.
The frequency of detectable IgA titres increased

with age so that all the six children over 5 years of

Table 3 Antibodies ofthe IgG and 1gM classes against six pneumococcalpolysaccharides as measured by ELISA in two
agegroups ofchildren vaccinated with 4-valentpneumococcal capsular polysaccharide vaccine

Pneumococcal Blood Age at primary vaccination
type sample

2-7 years (22 children) 6-18 months (7 children)

IgG IgM IgG IgM

GMT* AGMTt GMT AGMT GMT AGMT GMT AGMT

3 Pret 235 270 155 75
Post 445 1.9 510 1.9 345 2-2 130 1 7
Booster 390 2 5 95 1 3

6A Pre 310 535 150 270
Post 400 1*3 935 1*7 235 1*6 515 19
Booster 305 2-0 585 2-2

14 Pre 190 160 115 130
Post 210 1.1 250 1-6 205 1 8 155 1-2
Booster 220 1 9 200 1 5

18C Pre 295 215 150 65
Post 865 2-9 335 1*6 475 3-2 145 2-2
Booster 460 31 135 2-1

19F Pre 780 140 220 120
Post 950 1-2 360 2-6 395 1-8 265 2 2
Booster 400 1-8 165 1-4

23F Pre 215 600 135 115
Post 335 1-6 1090 1-8 235 1-7 320 2-8
Booster 215 1-6 250 2 2

*GMT (geometric mean titre) expressed as the dilution ofthe serum giving the absorbance of0 3 at 405 nm.
tAGMT: fold increase in geometric mean litres between pre- and post-vaccination sera or between pre- and booster-vaccination sera.
§Pre: sera taken just before vaccination; post: sera taken two to three weeks after primary vaccination; booster: sera taken two to three weeks
after booster vaccination given two months after primary vaccination.
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Table 4 IgA antibody titres against sixpneumococcal
polysaccharides measured by ELISA inpost-vaccination
sera of29 children vaccinated with 14-valentpneumococcal
capsularpolysaccharide vaccine*

Pneumococcal IgA titrest
type

No. positively Range§ Geometric mean
titre §

3 17 65- 490 150
6A 16 50- 815 235
14 9 125-3310 520
18C 16 75- 605 180
19F 14 125- 890 415
23F 10 95- 630 205

*All pre-vaccination sera were negative (titre <50) for IgA class
antibodies.
tExpressed as serum dilution giving the absorbance of0 3 at 405 nm.
$29 sera tested in each case.
§Only positive sera included.

age produced IgA antibodies against all the six
pneumococcal polysaccharides. After the booster
vaccination IgA antibodies were found in only a
few sera. These were the sera of children who had
had a very high primary vaccination response com-
pared with age.

Discussion

The ELISA method as described here is about as
sensitive for measuring pneumococcal antibodies as
the RIA that has been most commonly used so far.3
ELISA allows, however, for easy measurement of
antibodies of different Ig classes and thus makes
possible a detailed characterization of the total
antibody response. Recently, it has been shown by
ELISA that pneumococcal antibodies in adult sera
are of both IgG and IgM classes, and both of them
increase after pneumococcal pneumonia' or after
vaccination with pneumococcal capsular polysac-
charide vaccine.8 In these studies, IgA antibodies
were not measured. The present ELISA results show
that even very young children have detectable levels
of IgG and IgM pneumococcal antibodies and either
one or both increase as a response to primary
vaccination with pneumococcal polysaccharides. The
relative proportion of IgG and IgM antibodies was
different for each individual pneumococcal poly-
saccharide. IgM antibodies were more often pre-
dominant in the sera of the older children (2-7
years) as compared with those of 6-18 months.
Furthermore, the ELISA results show that the dif-
ferent Ig classes can decrease or increase between
sera taken before and after primary or booster
vaccinations while total antibody levels as measured
by RIA may show only minor changes. Thus the
total antibody levels for types 3, 18C, 19F, and 23F
as a rule decreased between sera taken after primary
and booster vaccination, while in fact there was an

increase in IgG and a decrease in IgM and IgA
class antibodies. IgA pneumococcal antibodies were
not found before vaccination but were seen, even as
the predominant class of antibodies, in post-vac-
cination sera. In fact the appearance and titre of the
IgA antibodies showed a significant positive cor-
relation with the increase of total antibody in
response to the primary vaccination. The IgA
response also had a positive correlation with the
age of the child.
The total RIA antibody responses after vac-

cination agree with those described earlier.12-'4 The
ELISA results, expressed as the sum of separately
measured IgG, IgM, and IgA antibody titres,
correlated rather strongly with those obtained by
RIA for five of the six types studied. A weaker
correlation was found for type 6A. Callahan et al.10
have studied antibody responses to pneumococcal
polysaccharide vaccine in adults by ELISA and
RIA and found a poor correlation between these two
methods. They suggest that their ELISA modifi-
cation is not suitable for measuring vaccination
responses to pneumococcal polysaccharides. More
recently, however, Russel et al.9 showed in their
preliminary study that their ELISA method was
able to demonstrate immunological responses to
each of the 14 type specific antigens of the pneumo-
coccal polysaccharide vaccine. In general, the most
common cause of discrepancies between ELISA and
RIA results is believed to be that the ELISA tech-
nique is very sensitive to antibody affinity.17 18
Differences in the affinity of antibodies in individual
sera should be seen as differences in the slope of the
absorbance versus serum dilution curves. In the
present study we did not see any marked variation of
the slopes between the curves of different kinds of
sera, neither were such differences observed by
Leinikki and Passila who studied several viral
antibodies.'9 Secondly, competition between anti-
bodies of different Ig classes can decrease the titre
value of a certain Ig class in the ELISA test when low
dilutions of sera are used.20 We tried to avoid this by
registering the ELISA results at as high serum dilu-
tions as possible. Thirdly, false-positive IgM values
may be caused in ELISA by IgM antibodies of anti-
IgG specificity;21 this could hardly affect our results
since the IgM responses we saw were different for
every individual polysaccharide, and increases in
IgM titre were seen in almost every individual
within the two weeks' interval between consecutive
serum samples.
On the basis of this study we feel that the ELISA

technique is well suited to determining pneumococcal
antibodies and antibody responses to pneumococcal
vaccine. It is sensitive and easy to perform and does
not require expensive equipment. It does not require
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radioactive antigens, which are not easily available.
We have also successfully used the present ELISA
method to determine antibody responses during
pneumococcal disease, showing that it can be used
for the serological diagnosis of pneumococcal
infections (manuscript in preparation).

We thank Miss Raili Kalliokoski and Mrs Arja
Vanhatalo for excellent assistance. This study was
supported in part by a grant from Merck Sharp and
Dohme Research Laboratories, West Point, Pa
19486, USA.
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